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High Tension Separation of Materials 



We, Carpco Research & Engineering 
Inc., a Corporation organised and existing 
under the laws of the State of Florida, United 
States of America, of 4120 Hams Street, 
Jacksonville, Florida, Duval County, United 
States of America, do hereby declare the 
invention for which we pray that a Patent 
may be granted to us, and the method by 
which, it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to an improved 
method and apparatus for high tension sepa- 
ration and, more particularly, to an improved 
method and apparatus for the benehciation 
of particulate materials containing a large 
percentage of fines, ranging in size from 
about 150 microns to about 5 microns. 

High tension separation is an outgrowth 
of electrostatic separation but differs there- 
from in many respects. The term "electro- 
static" implies that no current is flowing. 
Basically, an electrostatic separation relies on 
the principles that if particles in an electro- 
static or external electric field are differen- 
tially charged, particle trajectory will be so 
affected that the desired fractions separately 
can be collected. Requisite differential charg- 
ing normally is effected in the various elec- 
trostatic separation processes by contact elec- 
trification or inductive conduction or by a 
combination of both these phenomena. 

In high tension 'separation on the other 
hand, the entire particulate feed is sprayed 
with mobile ions, Le., a corona discharge, 
while such particles are in contact with a 
grounded conductive surface such as a metal 
rotor. All of the particles are strongly charged 
by the mobile ions. The non-conductors and 
poor conductors lose their charge slowly, are 
pinned to the grounded conductive surface 
by their own image forces and are suitably 
removed from the grounded conductive sur- 
face outside the locus of mobile ion charg- 
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ing. The conductive particles lose their 
charges rapidly and, once removed from the 
influence of the mobile ion spray, are free 
to assume normal trajectories when discharged 
from the grounded conductive surfaces under 
normal gravitational or centrifugal forces. If, 
outside the locus of mobile ion charging, the 
conductive particles now are subjected to an 
external electrical field either on the grounded 
surface or in free fall, they again may be 
charged by inductive conduction in addition 
to contact electrification and their trajectories 
desirably altered to permit collection of 
various fractions of the now essentially con- 
ductive particles. 

A more detailed discussion of the pheno- 
mena encountered in conventional electro- 
static and high tension separations can be 
found in Perry, Chemical Engineers Hand- 
book, 4th Edition, McGraw-Hill Pub. Co., 
(1963) Section 21, pages 67 through 70, and 
in Lawver, Fundamentals of Electrical Con- 
centration of minerals, The Mines Magazine, 
January 1960. 

High tension separation currently is em- 
ployed commercially to beneficiate a number 
of ores. In all cases, however, where high 
tension separation has been of significant 
success the particulate materials treated have 
been characterized by a particle size of from 
—14 to +200 mesh and have not contained 
a substantial amount of particles of a size 
smaller than 200 mesh. Attempts by the art 
to employ high tension separation with 
materials which necessitate grinding to an 
extremely fine particle size in order to effect 
liberation, uifotmly have been unsuccessful. 
Unfortunately some of the most commercially 
significant ores today, such as hematite or 
other iron ores require fine grinding to ^ effect 
liberation. Some iron ores, when comminuted 
to liberation, contain over seventy-five per 
cent of particles at — 325 mesh and contain 
a substantial amount of particles as small 
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as five microns in diameter. The significance 
and w>nnmfr advantages of an apparatus 

. and method permitting the high tension 
separation of area and other materials con- 

5 taming substantial quantities of dust-like 
particles ranging in size from about 250 
microns down to about 5 microns, readily is 
apparent. Numerous commercially significant 
areas previously foreclosed to any type of 
10 dry benefidation could then enjoy the ad- 
vantages of this simple and economical sys- 
tem if such method were available. 

Therefore it is die primary object of this 
invention to provide an improved method 
15 and apparatus for high tension separation 
for materials containing substantial portions 
of fines. 

It is the farther object of this invention to 
provide an improved method and apparatus 
20 for separating ores containing, when ground 
to liberation, substantial portions of fine 
material characterized by a particle size rang- 
ing from about 250 microns down to about 5 
microns. 

25 An additional object of this invention is to 
provide a method for benefidation of ores 
wherein the particulate ore containing a sub- 
stantial quantity of dust-like fines succes- 
sively is subjected to a mobile ion discharge 

30 and an external electrical field, both of which 
are pulsating at a high frequency. 

Other objects and advantages of the inven- 
tion will become apparent from the general 
and specific description of this invention to 

35 follow* 

The present invention is directed to a 
method and apparatus adapted to the bene- 
fidation of particulate materials and especi- 
ally to the separation of comminuted ores 

40 which are characterized by a sizable quantity 
of finely divided particles which pass a 200 
mesh screen. 

Generally described the method of this in- 
vention is a method for separation of par- 

45 ticulate mixtures containing particles of vary- 
ing conductivity which comprises subjecting 
the mixture while disposed on a grounded 
conductive surface to a spray of mobile ions 
produced by a corona discharge pulsed at the 

50 rate of between about 150 ana 800 pulses 
per second, removing the mixture from the 
spray of mobile ions and separately collect- 
ing the particles pinned to the grounded con- 
ductive surface by the mobile ions and the 

55 particles not pinned to the grounded con- 
ductive surface by the mobile ions. 

In terms of apparatus, the invention gener- 
ally may be described as an apparatus for 
separating particulate materials containing 

610 particles of varying conductivity which com- 
prises a grounded conductive surface adapted 
to convey the particulate mixture into a high 

tpfiainn rharging - zone, a htgft tftfiftrnn charg- 
ing zone defined by the grounded conductive 
65 surface- and a charging means positioned in 



spaced relation thereto for emitting a pulsed 
corona discharge into contact with the par- 
ticles disposed on said surface at a pulse 
rate of between about 150 and 800 pulses 
per second, external electric field generating 70 
means disposed outside the hign tension 
charging zone and in the direction of material 
flow through the apparatus for subjecting at 
least part of the particulate mixture to the 
action of an external electric field, collection 75 
means for separately collecting the particles 
pinned to the grounded conductive surface 
by die corona discharge and collection means 
for the particles discharged from said surface 
through said external electric field. 80 

It is preferred to employ a corona volt- 
age of between about 10 KV and about 100 
KV and a corona current strength of be- 
tween 0.1 milliamperes and 5.0 mUliamperes 
foot width of grounded conductive but- 85 

In accordance with the preferred embodi- 
ment of the invention, the grounded con- 
ductive surface will be a cylindrical rotor 
horizontally mounted to rotate about its 90 
longitudinal axis. 

It is preferred that the corona discharge be 
unidirectional although it is not essential to 
obtaining the benefits of the invention that 
a udidioectional corona discharge be em- 95 
ployed. 

The present invention involves the concept 
that fine particulate materials having par- 
ticle sizes of —200 mesh and as small as, 
say, 5 microns, may be separated or bene- 100 
ficiated in a high tension separation process 
where the corona discharge providing mobile 
ions, for charging purposes is pulsed at a 
pulse rate of from about 150 to about 850 
pulses per second. The use of an external 105 
electrical field in conjunction with high ten- 
sion separation in accordance with this in- 
vention is preferred to further improve the 
separation of the conductive particles of the 
feed material which are not pinned to the 110 
grounded conductive surface by the mobile 
ion discharge. In the external electrical field, 
whether provided by a free-fall apparatus or 
rotor and electrode equipment the conduc- 
tive particles recharge by inductive conduc- 115 
don and/or contact electrification and are 
deflected in accordance with this charge to 
permit more selective categorization. With 
some feed materials it is also pref er re d that 
the external electric field be unidirectional 120 
Preferably a field gradient of between about 
20 and about 100 KV/inch will be em- 
ployed. A beamed electrode directed away 
from the rotor surface also may be employed 
in conjunction with an external electric field 125 
in order to still further affect the trajectory 
of the conductive particles. 

The polarity of both die corona and the 
electrodes creating die external electric field 
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may be varied as dictated by the nature of 
the material to be separated. 

In conjunction with high tension separa- 
tion wherein the coram discharge is pulsed 

5 in accordance with the invention, it has teen 
found additionally beneficial to employ rotor 
speeds faster than heretofore used by the art 
In the combination of pulsed corona dis- 
charge higher rotor speeds and external elec- 

10 trical field has been found to give optimum 
results with those materials such as hematite 
ores which when comminuted to liberation 
contain as much as 75% by weight of par- 
ticles which are —325 mesh. 

15 Without being bound by any explanation 
of the surprising result of this invention, it is 
postulated that the success of the method and 
apparatus of this invention in the successful 
separation of particulate materials containing 

20 large proportions of dust-like materials may 
be explained by the following considerations. 

The function of die corona discharge is 
to spray electrons or negative or positive ions 
on to the feed particles fed to the rotor 

25 or other grounded conductive surface. Charg- 
ing, per se 3 of fine particles poses no problem. 
Indeed, owing to their relatively small surface 
area the smaller particles actually require less 
charge to generate an attraction value than 

30 do the larger particles. However, under the 
conditions created by the continuous wave or 
60 cycle half or full wave rectified potentials 
heretofore used by the art in high tension 
separators, particles have all been strongly 
charged. Many of the large and small par- 
ticles have thus arrived at the rotor at 
roughly the same time while substantial por- 
tions of the smaller particles., and particularly 
those of dust-like size, have arrived at a later 

40 time due to greater air resistance. As a result, 
the fine conductive particles have either been 
trapped to the rotor surface by overlying 
larger pinned particles of non conductors or 
else are last to arrive and lie over the pinned 

45 larger non-conductive particles and are unable 
to discharge. 

It is believed that the process and appa- 
ratus of this invention obviates these condi- 
tions through two mechanisms. First the use 

50 of pulsed corona within the range of pulse 
rates disclosed enables the finer particles to 
be charged before the coarser particles be- 
come fully charged and thus reach the rotor 
or other grounded conductive surface em- 

55 ployed before they can be blocked out by 
the larger pinned nonconductors. This is 
especially true where an increased rotor speed 
is employed in order that the finer particles 
are spread over a large surface of grounded 

60 conductor surface. In accordance with the 
invention, speeds of about 900 to about 1500 
feet per minute have been found effective 
with rotors from 14 tn 16 inches in diameter. 
As a consequence, the conductive fines are 



.discharged quickly and are repelled for collec- 65 
tion. 

Secondly, the more conductive particles 
of the comminuted ores, such as iron ores, 
display pohrizability. Hie resulting ionic 
motions thus create small particulate dipoles 70 
in the conductors. When these small par- 
ticulate dipoles are placed on top of the non- 
conductors already pinned to the rotor the 
dipoles will oscillate' about their centers of 
mass in the pulsed field of high frequency 75 
employed in the invention and cause the 
particles to shake loose from their bound 
condition and reach a metal spot on the rotor 
where if they are conductors they will dis- 
charge and be rejected for collection. This 80 
phenomenon has been observed in high speed 
motion pictures taken during operation of 
the apparatus of this invention. 

Having, now generally described the method 
and apparatus of the invention, a more sped- 85 
fie description will be given with reference 
to the drawings in which: 

Figure 1 is a schematic end elevation of 
the separator of this invention illustrating 
the flow pattern of minerals in this particular 90 
embodiment; 

Figure 2 is a schematic end elevation of 
the separator of this invention illustrating a 
typical space relationship for the various parts 
of the separator; and 95 

Figure 3 is a schematic perspective view of 
the separator of the invention. 

Referring initially to Figure 1, a rotor 10, 
electrically connected to ground 36; is moun- 
ted for revolution at varying speeds in the. 100 
direction indicated by the arrow by means 
not shown. A feed hopper section 12 is 
located above the rotor and terminates at 
a point above the upper face of the rotor. 
The first discharge electrode 14 is spaced j05 
from the rotor 10 with the electrode corona 
discharging wire portion 16 directed radially 
toward the rotor 10. A second electrode 20 
is spaced from rotor 10 beneath the first elec- 
trode 14. As shown in the embodiment of 
Figure 1, electrode 20 is a dual purpose elec- HO . 
trode which can be employed only to produce 
an external electric field or as in the embodi- 
ment shown additionally may be employed 
as a beam electrode. When the beam elec- 
trode is employed the electrode wire 22 for 115 
corona discharge is directed away from the 
rotor 10 for purposes hereinafter described 
in conjunction with the operation of the appa- 
ratus. A source of unidirectional pulsed volt- 
age 18 is connected 10 both electrode 14 and 120 
electrode 20. Individual sources providing a 
different voltage for the two electrodes also 
may be employed. 

A first splitter blade 26 is located beneath 
electrodes 14 and 20 and is spaced from the 125 
rotor 10. A second splitter blade 28 is located 
beneath rotor 10 and is spaced vertically 
therefrom. Three separate compartments 46, 



4 



1,036,604 



48 and 50 are located beneath the splitter 
blades for separately collecting the various 
fractions of the separated ore. A wiper wire 
30 connected to an alternating current source 
5 32 is employed in the embodiment depicted 
and ia positioned to the rear of and spaced 
from tiie surface of rotor 10. A brush 34 is 
located above wire 30 and in contact with 
the rotor 10. 

10 In operation the mineral particles 38 are 
fed from the hopper 12 on to the revolving 
rotor 10, preferably moving at a rate of from 
about 900 to about 1500 feet per minute in 
the case of a rotor having -a diameter of from 

15 14 to 16 inches. The rotor carries the ore 
on itB surface past the electrode 14 where 
the ore is charged by the pulsating corona 
discharge. The pulsed corona discharge causes 
the non- conductive particles to be firmly 

20 pinned to the surface of the rotor 10 while 
the conductive particles, including the fines, 
contact the rotor, lose their charges and are 
repelled. 

As the particles continue past electrode 

25 20, the particles are subjected to the effect 
of the external electric field produced by the 
electrode 20 which in the embodiment shown 
in Figure 1 is powered at the same frequency 
and voltage as electrode 14 by the power 

30 source 18. Conductive particles 40 under the 
influence of the external electric held, as well 
as ce ntrifug al 3nd gravitational forces, are 
removed from the surface of the rotor 10 
and are displaced in the direction of electrode 

35 20. In the embodiment shown in Figure 1 
the corona discharge directed away from the 
rotor 10 by wire 22 causes the trajectory 
of the particles to be affected even further 
so that the majority of the conductive par-* 

40 ticks pass to the front of the first splitter 
blade 26 into compartment 50. As the rotor 
10 continues its rotation the heavier conduc- 
tive particles 44 with some of the gangue 
material fall by gravitational force between 

45 splitter blades 26 and 28 to form a middling 
fraction in compartment 48. As shown in 
Figure 1 essentially all of the pinned non- 
conductive particles are removed by the field 
generated by the electrode 30 and fall be- 

50 hind splitter blade 28 into compartment 46 
as a tailing fraction. Any remaining, non- 
conductive material 42 not removed by the 
wiper electrode 30 is physically removed by 
the brush 34 and falls into compartment 

55 46. 

If desired, the middling material may be 
recirculated to exhaust in order to hi crease 
the recovery of valuable components of the 
ore. 

60 For effective wiping, the AC wiper should 
operate at high frequency, but at one which 
is not a harmonic of the pinning pulse. Thus, 
300 or 600 cycles has proved to be an effec- 
tive wiping cycle to remove material pinned 

65 by .400 pulses per second, 



Figure 2 illustrates one spacial relationship 
which has proved effective between the rotor 
10 and electrodes 14 and 20. In Figure 2, 
the distance between the centre of the rotor 
10 and die center of electrode 14 is indicated 70 
by the letter A, and the distance between 
the center of the rotor 10 and the center of 
electrode 20 is indicated by the letter B. The 
angle between the plane G— G passing 
through the horizontal axis of the rotor 10 75 
and the radial center line passing between the 
center of rotor 10 and the center of electrode 
14 is indicated by the letter J. Similarly, the 
angle between the plane G--G of the hori- 
zontal axis of rotor 10 and the radial center 80 
line passing between the center of rotor 10 
and the center of electrode 20 is indicated by 
the letter K_ The angle between the radial 
center line passing between the center of 
rotor 10 and the center of electrode 20 and 85 
the center line passing through the center 
of electrode 20 and the electrode wire portion 
22 is indicated by the letter L. 

The proper location of the discharging elec- 
trodes is dependent upon the decay time of 90 
the charges on the particles and upon the 
speed and size of the rotor. Particularly good 
results in the separation of iron ore fines 
have been obtained using a rotor about 14 
inches in diameter, operating at from about 95 
250 to about 400 RPMs. With these condi- 
tions dimension A should be about 10-1/2 
inches; dimension B should about 8-1/2 
inches; angle J should be about 45°; angle K 
should be about 16°; and angle L should be 100 
about 5 9 . 

With dust-like particles it is preferable to 
feed the ore at a point forward of die ver- 
tical center of the rotor. This prevents over- 
flow material from building up and sliding XQfr 
down the back of the roller and also pre- 
vents particles from receiving the pinning 
charge while still above the rotor surface. In 
Figure 2 the letter E represents the circum- 
ferential distance from the vertical center 110 
F — F of the rotor to the point where the 
hopper 12 terminates. Under the conditions 
specified in the preceding paragraph, the dis- 
tance E should be about 1-1/4 inches. 

The following example is intended to illus- 115 
trate the present invention and is not intended 
to limit the invention beyond the limitations 
set forth in the claims. 

Example 

Iron ore essentially all having a particle 120 
size of —325 mesh was processed in accord- 
ance with the invention has herein described 
by feeding the particulate mixture to a 14" 
mild steel rotor revolving at 320 RPM. The 
two electrodes were operated at 400 pulses 125 
per second using negative unidirectional poten- 
tial at 30 KV. The middling material was 
collected and recycled to exhaustion and 
various collections were assayed with the 
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tesultB pressed in percentage of iron in each collection as Mowb: 



Fraction 
Concentrates from first pass 
Tailings from first pass 
5 Concentrates from m i d d ling pass 

Tailings from middling pass 
Percentage of iron recovered 

It will be understood that the foregoing 
description, example and drawings are only 

10 illustrative of the present invention and it 
is not intended that the invention be limited 
thereto. Many modifications and variations 
of the present invention may be made with- 
out departing from the same and spirit of 

15 this disclosure and only such limitations should 
be imposed as arc indicated in the appended 
claims. 
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WHAT WE CLAIM IS: — 

1. A method for separation erf a particulate 
mixture containing particles of varying con- 
ductivity winch comprises subjecting the mix- 
ture while disposed an a grounded conductive 
surface to a spray of mobile ions produced by 
a corona discharge pulsed at a rate of be- 
tween about 150 and 800 pulses per second, 
(removing the mixture from the spray of 
mobile ions, and separately collecting the 
particles pinned to the grounded conductive 
surface by the mobile ions and the particles 
not pinned to the grounded conductive sur- 
face by the mobile ions. 

2. A method according to claim 1 in which 
the corona voltage is between about 10 and 
about 100 KV and the corona current is 
between about 0.1 milliamperes and about 
5 rniUiamperes per foot width of grounded 
conductive surface. 

3. A method according to claim 1 in which 
the grounded conductive surface is curved 
and is rotated to carry the particulate mix- 
ture into and out of the spray of mobile 
ions. 

4. A method according to claim 1 in which 
the particles not pinned to the grounded 
conductive surface are collected after first 
being passed through an external electric 
field. 

5. A method according to 1 in which 
the particulate mixture is a comminuted ore 
containing a substantial quantity of particles 
having a mesh size of —200, 

6. A method according to claim 1 in which 
the particulate mixture is an iron ore com- 
minuted to at least 75 percent through 325 
mesh. 

7. A method for separation of a particulate 
rnixture containing particles of varying con- 
ductivity which comprises feeding such mix- 
ture to the surface of a rouuable grounded 
conducti ve ro ll, passing the mixture while in 
contact with the roll through a spray of 
mobile ions produced by a corona cuscharge 



%Fe % Lot Distribution 
63.68 48.56 

6.44 234 
60.61 43.40 

5.12 5.10 
91.96 

pulsed at a rate between about 150 and 800 
pulses per second, passing the particles not 
pinned to the roll by the mobile ions through 65 
an external electrical field, collecting in at 
least one fraction the particles not pinned 
to the roll and passed through the external 
electric field, and separately collecting the 
particles pinned to the roll by the mobile 70 
ions. 

8. A method according to claim 7 in which 
the corona voltage is between about 10 and 
about 100 KV and the corona current is 
between about 01 milliamperes and about 5 75 
milliamperes per foot width of grounded con-* 
ducttve surface. 

9. A method according to claim 7 in which 
the external electrical field also is pulsed at a 
rate between about 150 and 800 pulses per 80 
second* 

10. A method according to claim 7 in 
which the particles pinned to the roll are re- 
moved therefrom at least in part being sub- 
jected to a field generated by high frequency 85 
alternating current. 

11. A method according to rf*im j & 
which the particulate mixture is a comminuted 
ore containing a substantial quantity of par- 
ticles having a mesh size of —200. 90 

12. A method according to claim 7 in 
which the particulate mixture is an iron ore 
comminuted to at least 75 percent throueh 
325 mesh. 6 

13. An apparatus for separating particu- 95 
late mixtures containing particles of varying 
conductivity which comprises a grounded con- 
ductive surface adapted to convey the mix- 
ture into a high tension charg ing zone, a 
high tension charging zone defined by the 100 
grounded conductive surface and a charging 
means positioned in spaced relationship 
Thereto for emitting a. pulsed corona dis- 
charge into contact with the particles dis- 
posed on said surface at a pulse rate of 105 
between about 150 and about 800 pulses per 
second, external electric field generating 
means disposed outside the high tension charg- 
ing zone and in the direction of material 
flow through the apparatus for subjecting at 110 
kast part of the particulate mixture to the 
action of an external electric field, and col- 
lection means for separately collecting the 
particles pinned to the grounded conductive 
surface by the corona discharge and the par- 115 
tides discharged from said surface through 
said external electric field. 

14. An apparatus for separating particulate 
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mixtures containing particles of varying con- 
ductivity which comprises a grounded con- 
ductive rotor horizontally mounted to rotate 
abouta is longitudinal axis, means for driving 

t> said rotor at varying speeds, feed means posi- 
tioned substantially above said rotor for feed- 
ing the particulate mixture on to the surface 
of the rotor, high tension rhgrgtng means dis- 
posed adjacent the surafce of the rotor and 

10 In spaced relationship thereto for emitting a 
pulsed corona discharge, into contact frith 
the particles disposed on the surface of said 
rotor, at a pulse rate of about 150 to 800 
pulses per second, external electric field 

15 generating means disposed outside the high 
tension charging zone and in the direction of 
material flow through the apparatus for sub- 
*' jeering at least part of the particulate mixture 
to the action of an external electric held, 

20 collection .means for separately collecting the 
"particles pinned to the rotor surface by the 
corona dischar ge and collection means for 
• the particles discharged from the rotor surface 
through said external electrical field. 

25 15. Appparatus in accordance with claim 

Leamington Spa: Printed for Her 
Published at The Patent Office* 25, 



14 in which the collection means for collect- 
ing the particles pinned to the rotor by the 
corona includes means for applying to said 
particles on the rotor, outside of the high 
tension charging zone and external electric 
field, an electric field generated by a high 
frequency alternating current 

16. Apparatus in-" accordance with claim 
14 in which the external electric field gener- 
ating means is adapted to produce a pulsed 
field having a pulse rate of from about 150 
to about 800 pulses per second. 

17. A method for separation of a. particu- 
late mixture substantially as hereinbefore des- 
cribed with reference to the accompanying 
drawings- ^ 

18. An apparatus for separating particulate 
mixtures substantially as hereinbefore des- 
cribed with reference to the accompanying 
drawings. 

WITHERS & SPOONER, 
Chartered Patent Agents 
148—150, Holborn, 
London, E.G1 
Agents for the Applicant 
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